Recurrence of Chronic Subdural Hematoma pneumocephalus was investigated.
Materials and Methods
We retrospectively reviewed the medical records of 184 patients with CSDH who underwent surgical treatment in our institute between January 2009 and December 2013. 152 patients fulfilled the inclusion criteria as follows: 1) CSDH diagnosed on computed tomography (CT), 2) unilateral hematoma, 3) burr-hole trephination with closed system drainage, and 4) follow-up CT for at least 3 months. The patients consisted of 113 males and 39 females with a mean age of 66.2 years. The initial symptoms of the CSDH were abnormal behavior, headache, and neurological deficit such as motor weakness, dysarthria, and gait disturbance.
All patients were divided into two groups according to the conduction of intraoperative saline irrigation. Group A (n=38) underwent burr-hole trephination with closed system drainage without intraoperative saline irrigation and Group B (n=114) underwent burr-hole trephination with closed system drainage after intraoperative saline irrigation. In Group A, a drainage catheter was immediately inserted after dura mater incision through burr-hole without saline irrigation. In Group B, intraoperative saline irrigation was conducted through burr-hole and drain catheter repeatedly until the clear fluid gushed out. The closed system drainage catheter was maintained for 2 or 3 days and removed according to the change of drainage volume and radiological findings.
We analyzed the thickness of hematoma, density of hematoma, and membrane formation in subdural space on pre-operative CT. Volumetric analysis of pneumocephalus on operation day was calculated using ImageJ (version 1.48; National Institutes of Health, Washington, DC, USA). Subdural air on axial brain CT was manually outlined in ImageJ and respective region of interest (ROI) of each slice was added to the ROI manager. The area of each ROI was calculated and then multiplied by the slice thickness (5 mm). Finally, all slice volumes were added up to estimate the volume of each three-dimensional structure using MeasureStack plug-in of ImageJ (Figure 1 ). Follow-up CT was checked on the third and tenth postoperative days. After discharge, the patients were re-evaluated clinically and radiologically by CT scans within 1 month and 3 months to check the thickness of subdural space.
Clinical and radiological findings were reviewed for evaluation of the CSDH recurrence. The clinical criteria of recurrence included a mental status change, worsening of the preexisting neurological deficit and new onset or aggravation of headache. The radiological criteria of recurrence defined as increase of subdural fluid collection in the CT scans or further compression of brain parenchyme during the follow-up period. When the maximum width of CSDH was more than 10 mm on the follow-up CT and patients showed new onset or worsening of the symptoms at the same time, we defined as recurrence of CSDH. Each group was compared by the volume of post-operative pneumocephalus, recurrence rate, complications and length of hospital stay.
Statistical analyses were performed using SPSS statistic software (version 12.0 for Windows; SPSS Inc., Chicago, IL, USA). p-values were generated using chi-square, independent t-test. p-values of less than 0.05 was considered statistically significant.
Results
Demographic characteristics are shown in Table 1 . There were 25 male and 13 female patients in Group A (n=38) and 88 male and 26 female in Group B (n=114). The average age of each group was 64.8±16.7 and 67.6±11.5 in Group A and B, respectively. A definite history of head injury was identified in 20 (52.6%) of Group A and 51 (44.7%) of Group B. The mean Glasgow coma scale at admission was 14.4 in both groups. The leading symptoms in the Group A were hemi-FIGURE 1. Volumetric analysis of pneumocephalus was calculated using ImageJ. The pneumocephalus of subdural space on axial brain computed tomography was bounded as region of interest which multiplied by the slice thickness. And all slice volumes were added up to estimate the volume of each 3D structure. paresis (35%), headache (20%), and dysarthria (20%), whereas the most frequent symptoms in the Group B were headache (37%), hemiparesis (34%), and gait disturbance (16%). On the pre-operative CT, the mean CSDH thickness of Group A was 20.6±5.2 mm and membrane formation was found in 14 patients. And hematomas showed hypodensity in 7 patients, isodensity in 14, and mixed density in 17. In Group B, the mean CSDH thickness was 20.8±6.2 mm and membrane formation was found in 35 patients. Hematomas demonstrated hypodensity in 12 patients, isodensity in 60, and mixed density in 42. There were no significant differences between two groups.
Our results showed the differences in the recurrence rate and radiologic findings according to intraoperative saline irrigation. Postoperative CT scan demonstrated differences in changing of the hematoma thickness and pneumocephalus. In comparison of the preoperative and postoperative state in the two groups, the thickness of CSDH was decreased in Group A more than Group B. The difference of the hematoma showed 13.2±5.5 mm in Group A and 18.6±6.2 in Group B (p=0.061). And the volume of pneumocephalus showed a distinct difference in Group B. The volume of pneumocephalus was 8.2±10.5 mL and 53.9±38.0 mL in Group A and Group B, respectively (p=0.02) (Figure 2) .
In this study, overall recurrence was reported in 29 patients (19.08%), composed of one patient in Group A and 28 patients in Group B. The majority of recurrence was reported in Group B, intraoperative saline irrigation Group (p= 0.002). The recurrence was identified by the clinical symptom and confirmed by follow-up CT. Furthermore, it was found that recurrence of CSDH was strongly related to the volume of pneumocephalus (p=0.003).
There are no significant differences in hospital stay. The average hospital stays were 17.6 days in Group A and 16.7 days in Group B. There was no catastrophic postoperative complication except urinary tract infection, delirium and pulmonary edema. Overall results are shown in Table 2 . 
Discussion
CSDH generally occurs in elderly people by minor head trauma. 4, 7) It originates in dural border cell layer, placed between dura mater and arachnoid membrane. The dissection of these cell layers makes a subdural cavity which is accumulated by bleeding. 19) Because of extensive brain atrophy in elderly, brain is reduced by approximately 200 g, which results in an increased extracerebral volume of up to 11% allowing for greater movement of the brain. 1, 19, 21) This situation makes brain to be vulnerable to developing CSDH. This extra volume can be occupied by the hematoma before a considerable rise in intracranial pressure occurs. 1, 3) Surgical evacuation should be needed in CSDH with related symptoms such as headache, hemiparesis, gait disturbance, cognitive disturbance, and abnormal behavior. Various surgical treatments of CSDH have been used, including twist-drill trephination, burr-hole trephination, small or large craniotomy, and membranectomy, with or without irrigation and/or closed system drainage. 2, 6, 8, 10, 12, 23) Recently, several previous literatures suggested the efficacy of the burrhole trephination. Burr-hole surgery is currently the most common surgical treatment for CSDH. Williams et al. 22) concluded that burr hole evacuation was superior to twist drill evacuation of CSDH. And closed system drainage has been widely accepted as reasonable treatment. Many reports speculated the efficacy and lower recurrence rates of the drainage system with burr-hole trephination. 11, 14, 15) One previous report showed significant higher recurrence rate in the patients without drainage, the recurrence rates was 30% without use of drain and 4% with use of drain. 15) Some prospective studies showed no beneficial effect, whereas other authors report lower recurrence rates with the use of post-operative drains because of brain expansion. 1, 5, 15) However, closed-system drainage may lead to complications, including hemorrhage, seizure induction, and infection. 5, 19) It is unclear whether drainage alone or drainage with irrigation is better treatment for CSDH. Thus, the efficacy of intraoperative saline irrigation has not been well established. Several previous reports showed different results for the saline irrigation. Some studies reported no significant differences in outcome between each surgical techniques. 12, 23) Ishibashi et al. 6) concluded that burr hole drainage with irrigation could be a effective treatment of CSDH with a lower recurrence rate. In contrast, a lower recurrence rate has been reported in patients in whom intra-operative irrigation was not used. 9, 17) The current study showed significant lower recurrence rate in the patients managed without intraoperative saline irrigation. The recurrence rate was 2.6% in Group A treated with closed system drainage only, whereas it was 24.6% in Group B treated with irrigation and closed system drainage. And our results showed the large formation of pneumocephalus in irrigation group and its significant relationships with recurrence. Previous reports showed the large pneumocephalus in recurrence cases and the correlation between the volume of air remaining in the subdural cavity and the time required for the disappearance of the subdural cavity. 1, 13, 17, 20) Also saline irrigation can lead to brain cortical injury, cortical vessel injury, pneumocephalus, or infection because of high pressure to brain cortex. 10, 17) Previous studies suggested the risk factors of recurrences in CSDH including age, bleeding tendency, brain atrophy, alcohol abuse, bilateral CSDHs, higher hematoma density, membrane formation, thickness of initial CSDH, drain catheter tip location, postoperative air accumulation, and some technical aspects of surgery. 8, 18) In current study, intraoperative saline irrigation and postoperative pneumocephalus were regarded as important factors of recurrence in CSDH. And our result showed that amount of postoperative pneumocephalus was remarkable in intraoperative saline irrigation group. Thus, burr-hole trephination and drainage without saline irrigation could be more effective procedure for prevent of recurrence in CSDH.
Limitations of this study were that there was non-randomized study, bias inherent to retrospective chart reviews, and small sample size. Further investigations with larger sample size, quantitative controlled prospective study are required to assess the volume of pneumocephalus as an independent risk factor of CSDH recurrence.
Conclusion
Although there was no difference of clinical outcome in both groups, the recurrence rate was higher in intraoperative saline irrigation group compared with only burr-hole drainage group. We suggest that saline irrigation procedure be reserved only for selected cases in CSDH burr-hole surgery.
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